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TITLE OF THE INVENTION 

MULTILAYER CHIP VARISTOR AND METHOD OF MANUFACTURING THE 
SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] The present invention relates to a multilayer 

chip varistor and a method of manufacturing the same. 

Related Backgrotand Art 
[0002] There is a known multilayer chip varistor 

including a varistor body obtained by sintering a stack of 
varistor layers and inner electrode, and terminal electrodes 
formed by applying conductive paste on end faces of the 
varistor body and thereafter drying and baking the applied 
paste. 

[0003] The conductive paste that is frequently used 

for forming the terminal electrodes is obtained by mixing 
glass frit and organic vehicle withmetal powder, a principal 
constituent, such as silver. The glass frit is mixed into 
the conductive paste for the purpose of improving adhesion 
properties of the varistor body and the terminal electrodes . 
[0004] This type of multilayer chip varistor is mounted 

on a printed circuit board and the like typically in a method 
of so-called ref low soldering . In this method, the var i stor 
is put on solder paste which has been applied to a conductor 
on the board in advance, and thereafter, the entire board 
is heated to a temperature of 200 degrees centigrade t>r higher 
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to melt the solder so that the varistor is fixed to the board. 
[00051 At this time/ it is often the case where the 

terminal electrodes are plated with nickel and then f \irther 
plated with solder, tin or the like in order to improve 
wettability of the terminal electrode to the solder during 
reflow soldering. 

[ 0006] However, when the terminal electrodes are plated/ 
a plating solution enters inside of the varistor body^ and 
the plating solution which entered inside of the varistor 
body sometimes corrodes the varistor layers in the varistor 
body, in particular , a grain boundary of a varistor material 
that constructs the varistor layers. Since varistor 
characteristics of the multilayer chip varistor is 
considered to be effective at the grain boundary, this 
corrosion of the grain boundary causes a degradation of the 
varistor characteristics of the multilayer chip varistor 
such as a decrease in varistor voltage and the like. Such 
degradation of the varistor characteristics maybe observed 
immediately after plating or aif ter the varistor is mounted 
on the board by reflow soldering. 

[0007] In order to prevent the degradation of the 

varistor characteristics due to entry of a plating solution, 
various measures have been taken in recent multilayer chip 
varistors. For example, multilayer chip varistors 
described in Japanese Patent Laid-Open Publication No- 
Heisei 8-31616 and Japanese Patent Laid-Open. Publication 
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No. Heisei 10-70012 are known- Fig. 6 is a cross sectional 
view showing a multilayer chip varistor same as those 
described in the above-mentioned publications. The 
multilayer chip varistor shown in Fig. 6 has a varistor body 

5 10 having inner electrodes 11 and terminal electrodes 12 

provided on ends of the varistor body 10. In addition, 
insulating protection layers 13 are formed in portions of 
the varistor body 10, where the terminal electrodes 12 are 
not formed- In this multilayer chip varistor, the 

10 insulating protection layers 13 play a role of preventing 

the plating solution entering inside the varistor body 10. 
[0008] Further, a multilayer chip varistor described 

in Japanese Patent Laid-Open Publication No. 2000-164406 
is also known as the one in which entry of a plating solution 

15 into the varistor body can be reduced. Fig. 7 is a cross 

sectional view showing the multilayer chip varistor 
described in the above-mentioned publication. The 
multilayer chip varistor shown in Fig. 7 includes a varistor 
body 10 having inner electrodes 11 and ground electrode 

20 layers 14 provided on the ends of the varistor body 10. In 

addition, a glass layer 15 and external electrode layers 
16 are formed on the outer sides of the ground electrode 
layers 14. Further, a conductive material is diffused 
within the glass layer 15, and thereby continuity between 

25 the ground electrode layers 14 and the external electrode 

layers 16 is realized. 
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(00091 Furthermore, a multilayer chip varistor is 

described in Japanese Patent Laid-open Publication No. 
2002-134306, in which terminal electrodes are formed using 
conductive paste containing a predetermined amount of 
conductive glass frit or a larger amount of the same- In 
this multilayer chip varistor, a content of the glass frit 
within the terminal electrodes is larger than that in a 
conventional varistor to reduce voids in the terminal 
electrodes, preventing a plating solution from penetrating 
the terminal electrodes . In addition, the use of conductive 
glass frit containing tin oxide or antimony oxide prevents 
a reduction in wettability to solder which often occurs as 
the amount of glass frit increases* 

[0010] Furthremore, conductive paste containing glass 

1 5 frit having a particular composition is described in J apane se 

Patent Laid-Open Publication No. Heisei €-349313 and 
Japanese Patent Laid-open Publication No. 2001-122639. 
Terminal electrodes of a multilayer type element formed by 
this conductive paste is excellent in resistance to aplating 
20 solution, and it is thus proved that these terminal 

electrodes can prevent degradation of characteristics of 
the element due to entry of the plating solution. 
SUMMARY OF THE INVENTION 

[0011] In the multilayer chip varistor shown in Fig. 

25 6, it is possible for the insulating protection layers 13 

to prevent entry of a plating solution from the surface of 
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the varistor body 10. However, the plating solution can 
enter inside the varistor body 10 through voids in the 
terminal electrodes 12, since the terminal electrodes 12 
are not formed sufficiently densely. Particularly, the 
5 plating solution often enters inside the body 10 from gaps 

between the varistor body 10 and the inner electrodes 11- 
This causes severe corrosion of the varistor body 10 by the 
plating solution, further degrading the varistor 
characteristics. 

10 [ 0012 ] Moreover, in the multilayer chip varistor shown 

in Fig. 6, the insulating protection layers 13 are formed 
by putting the varistor body 10 into silicon oxide powder 
and baking the same- Therefore, there has been a 
disadvantage of an increase in the nvimber of steps in 

15 manufacturing the multilayer chip varistor. 

[0013] Meanwhile, inthemultilayer chip varistor shown 

in Fig. 7, not only the varistor body 10 but also the groimd 
electrodes 14 are covered with the glass layer 15, and thus 
a plating solution hardly enters inside the varistor body 

20 10 . However, since the glass layer 15 has low conductivity, 

continuity between the ground electrode layers 14 and the 
terminal electrode layer 16 becomes insufficient, and 
thereby a value of resistance of the terminal electrodes 
as a whole tends to increase. In addition, there has been 

25 a problem that the step for forming the glass layer 15 

increases thenumberof steps in manufacturing themultilayer 
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chip varistbr. 

[00141 Moreover, in the multilayer chip varistor 

described in Japanese Patent Laid-Open Publication No- 
2002-134306, electric conductivity of the glass frit which 
is contained in the conductive paste is five to six orders 
of magnitude lower than that of silver that normally serves 
as an electrode material. Thus, when the content of the 
glass frit is about an amotint which does not cause degradation 
of resistance to plating solution, continuity between the 
ground electrode layers and the terminal electrode layers 
often becomes insufficient. 

[0015] Yet further, in the conductive paste described 

in Japanese Patent Laid-Open Publication No. Heisei 6-349313 
and Japanese Patent Laid--Open Publication No . 2001-122639, 
the glass frit itself has high resistance to a plate solution. 
However, it is difficult to form terminal electrodes densely. 
Therefore, the multilayer type element having the terminal 
electrodes formed by this conductive paste tends to be 
susceptible to entry of a plating solution thereinto. 
[0016] The present invention was accomplished in the 

light of the foregoing circ\imstances . It is an object of 
the present invention to provide a multilayer chip varistor 
in which degradation of varistor characteristics is small 
even when surfaces of terminal electrodes are further plated, 
and a manufacturing method of the same. 

[0017] inorder to achieve the above-object, the present 
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invention provides a multiplayer chip varistor including 
a varistor body having a plurality of varistor layers and 
inner electrodes arranged to sandwich each of the varistor 
layers, terminal electrodes formed on ends of the varistor 
5 body and connected to the inner electrodes, and a glass layer 

formed between the vari stor body and the terminal electrode . 
[0018] The multilayer chip varistor having the above 

construction has the glass layers between the varistor body 
and the terminal electrodes • Therefore, when the surfaces 

10 of the terminal electrodes are further plated and a plating 

solution penetrates therethrough, the glass layers prevent 
the plating solution from entering inside the body. As a 
result/ the multilayer chip varistor after plating has 
extremely small degradation of the varistor characteristics 

15 in comparison with the varistor before plating • 

[0019] In the abovementionedmultilayer chip varistor, 

it is preferred that, in a cross section taken along a line 
passing through the center of the terminal electrode in a 
width direction thereof, the glass layer be formed to cover 

20 not less than 10% of the total length of an area which is 

covered with the terminal electrode, in the varistor body. 
Accordingly, entry of the plating solution into the varistor 
body can be reduced more effectively. From the similar 
viewpoint, it is preferred that the glass layer have a 

25 thickness of 0.1 /xm or larger. 

[0020] More specifically, it is preferred that the 
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terminal electrode of the above-mentioned multilayer chip 
varistor be formed by baking conductive paste containing 
a glass material, and that the glass layers be formed by 
the glass material melting from the conductive paste while 
baking the conductive paste. 

[0021] In this case, it is not required to conduct a 

separate step for forming the glass layers like the 
aforementioned prior art . Thus, manufacturing process for 
the multilayer chip varistor can be simplified. 
100221 It is preferred that the conductive paste used 

hereinabove contain metal and the glass material, and that 
the content of the glass material be between 2 and 15 wt% 
with respect to an entire mass of the metal and the glass 
material. With this composition of the conductive paste, 
the glass material can be melted from the conductive material 
laore easily. 

[0023] Further, in the multilayer chip varistor, it 

is more preferred that the terminal electrode contain the 
glass material and silver or an alloy whose principal 
component is silver. In addition, it is more preferred that 
the inner electrodes contain palladium, platinum or an alloy 
whose principal components are palladium and platiniom. 
[0024] Still further, in the multilayer chip varistor 

of the present invention, it is more preferred that the inner 
electrodes protrude from the varistor body into the terzainal 
electrode, and at least root portions of- these inner 
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electrodes protruding into the terminal electrodes be 
covered with the glass layer. 

[0025] When the multilayer chip varistor has this kind 

of construction, adhesion status of the inner electrodes 
and the terminal electrodes is improved and thus a good 
contact state of both electrodes is realized. Additionally, 
since the root portions of the inner electrodes are covered 
with glass layers, it is difficult for the plating solution 
to enter inside the varistor body, 

[0026] Moreover, amanuf acturingmethodof amultilayer 

chip varistor of the present invention is a method of 
manufacturing the multilayer chip varistor having the 
foregoing construction easily. This method includes the 
steps of forming a varistor body having a plurality of 
varistor layers and inner electrodes arranged to sandwich 
each of the varistor layers, applying conductive paste 
containing a glass material onto ends of the varistor body, 
and baking the applied conductive paste to form terminal 
electrodes and to form a glass layer between the varistor 
body and the terminal electrodes by melting the glass 
material contained in the conductive paste, 
[0027] According to this manufacturing method, the 

glass layers can be easily formed between the varistor layers 
and the terminal electrodes. In the multilayer chip 
varistor thus obtained, even though the surfaces of the 
terminal electrodes are further plated, the glass layers 
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prevent entry of a plating solution into the varistor body. 
AS a result, degradation of varistor characteristics owing 
to plating becomes extremely small. 

[0028] In this manufacturing method, it is preferred 

that, in a cross section taken along a line passing through 
the center of the terminal electrode in a width direction 
thereof, each of the glass layers be formed to cover not 
less than 10% of the total length of an area which is covered 
with the terminal electrode, in the varistor body. It is 
also preferred that each of the glass layers be formed to 
have a thickness of 0.1 /im or larger. Accordingly, entry 
of the plating solution into the varistor body during plating 
process is prevented more effectively. 

[0029] Moreover, it is preferred that the conductive 

15 paste be baked at a temperature that is at least 70 degrees 

centigrade higher than a softenihg point of the glass 
material contained in the paste . It is more preferable that 
the conductive paste is baked at 700 degrees centigrade or 
higher. When the conductive paste is baked at 
20 above-described temperature, the glass material is melted 

from the conductive paste even more easily, and thus easy 
formation of the glass layers which satisfy the 
aforementioned conditions becomes feasible. 
BRIEF DESCRIPTION OF THE DRAWINGS 
25 [00301 Fig. 1 is a cross sectional view showing a 

multilayer chip varistor according to a preferred 
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embodiment . 

[0031] Fig. 2 is a side view showing the multilayer 

chip varistor 100. 

[00321 Fig. 3 a schematic cross sectional view showing 

an enlarged vicinity of a joint between a varistor body 1 
and terminal electrode 3a of the multilayer chip varistor 
in which coverage of a glass layer is 5%. 
[0033] Fig. 4 is a schematic cross sectional view 

showing an enlarged vicinity of a joint between the varistor 
body 1 and the terminal electrode 3a of the multilayer chip 
varistor in which coverage of a glass layer is 100%. 
[00341 Fig. 5A is a photograph taken by a scanning 

electron microscope, showing the vicinity of the joint 
between the varistor body 1 and the terminal electrode 3a 
of the multilayer chip varistor in which the coverage of 
the glass layer 4 is 5%. 

[0035] Fig. 5B is a photograph taken by a scanning 

electron microscope, showing the vicinity of the joint 
between the varistor body 1 and the terminal electrode 3a 
of the multilayer chip varistor in which the coverage of 
the glass layer 4 is 80%. 

[0036] Fig- 6 is a cross sectional view showing a 

conventional multilayer chip varistor. 

[0037] Fig. 7 is a cross sectional view showing another 

conventional multilayer chip varistor- 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 



11 



FP03-0301-00 



[ 0038] Apref erred embodiment of the present invention 

is described in detail hereinbelow. Note that, in 
description of the drawings, the same constituents are 
denoted with the same reference numerals and duplicated 
5 description will be omitted. Further, for convenience for 

showing in the drawing, dimension ratios in the drawings 
are not limited to those shown and do not necessarily match 
those in description. Further, positional relationships 
such as vertical and lateral directions are based on those 
10 in the drawings unless otherwise specified. 

t00391 First of all, the multilayer chip varistor 

according to a preferred embodiment is described with 
reference to Figs. 1 and 2. Fig. 1 is a cross sectional 
view of the multilayer chip varistor according to the 
15 preferred embodiment, and Fig. 2 is a side view showing the 

multilayer chip varistor 100. The chip varistor 100 has 
a varistor body 1 and outer terminals 3 provided on edges 
of the varistor body 1, and glass layers 4 are formed between 
the varistor body 1 and the outer terminals 3. 
20 [0040] In this multilayer chip varistor 100, the 

varistor body 1 includes varistor layers la, lb and Ic and 
inner electrodes 2a and 2b arranged to sandwich the varistor 
layer lb. In addition, each of the outer terminals 3 has 
terminal electrode 3a and plated layers 3b and 3c in this 
order . In addition, the inner electrodes 2a and 2b are formed 
(drawn out) so that one ends thereof are exposed out from 
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the opposing end faces of the varistor body 1 on different 
sides and connected to the terminal electrodes 3a, 
respectively. 

[00411 Any layers can be applied to the varistor layers 

la, Ibandlc, without particular limitation as long as those 
layers are made of a varistor material which realizes 
varistor characteristics . To be more specific, a preferred 
example of the varistor layer includes a layer obtained by 
compounding a principal coii«>onent of ZnO with a subcomponent 
such as rare-earth elements, Pr for example, and Bi, trace 
additive such as Al, and the like. 

[00421 The inner electrodes 2a and 2b are exemplified 

by those made of a metal simple substance of Pt, Pd, Ag or 
the like, an alloy thereof or compound thereof. A metal 
simple substance of Pd or Pt, an Ag-Pd alloy or Ag-Pt alloy 
is preferred. 

[00431 The terminal electrodes 3a are exemplified by 

those made of an electrode material similar to the 
aforementioned inner electrode 2a and 2b. In particular, 
those made of a metal single substance of Ag or an Ag-Pd 
alloy are preferred. Moreover, it is preferred that the 
terminal electrodes 3a further contain a glass material such 
as glass frit in addition to the foregoing metals. When 
the terminal electrodes 3a contain glass frit* adhesion 
property of the terminal electrodes to the varistor body 
1 improves . 
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[0044] The thickness of each of the terminal electrodes 

3a is preferably 5 to 100 ^.la and more preferably 20 to 70 
^m. This prevents the plate solution from penetrating 
through each of the terminal electrodes 3a itself when 
plating, and the synergistic effect with the glass layer 
4 further reduces the plating solution entering inside the 
varistor body 1. 

[0045] It is preferred that the inner electrodes 2a 

and 2b and terminal electrodes 3a be made of different types 
of metals, each having a crystal structure of face-centered 
cubic lattice, in order for later-described Kirkendall 
effect to improve joint performance of both electrodes. 
From this point of view, the terminal electrodes 3a 
preferably contain silver or an alloy whose principal 
component is silver, and more preferably, the inner 
electrodes 2a and 2b contain palladium or platinum, or an 
alloy containing the palladium and platinum as principal 
components . 

(00461 Each of the plated layers 3b has a function of 

20 preventing dissolution of metallization of terminal 

electrodes 3a when the multilayer chip varistor 100 is 
mounted on a board and the like by ref low . The plated layers 
3b is preferably layers made of Ni, formed by electroplating . 
In addition, the plated layer 3c has characteristics to 
25 improve solderability during the ref low, and is preferably 

made of a material such as solder and Sn which has a good 
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affinity with solder. 

[0047] The glass layers 4 are made of glass material 

and prevent the plating solution from entering inside the 
varistor body 1 when being plated. When the terminal 
electrodes 3a contain glass frit as described earlier, it 
is more preferred that glass frit contained in the conductive 
paste for forming the terminal electrodes 3a melt to form 
these glass layers 4 while forming the terminal electrodes 
3a. In this case, it is not required to conduct separate 
step for forming the glass layers 4, thus simplifying the 
manufacturing process of the multilayer chip varistor IDO. 
[0048] The glass layers 4 are exemplified by layers 

made of BzOs-ZnO-Al^Os-SrO based glass, BaOa-SiOz-ZnO based 
glass, B203-Si02-ZnO-Al203 based glass, SiOz-BaO-LizO based 
15 glass, BzOa-SiOz-ZnO based glass, B203-Si02-Na20 based glass, 

B2O3- Sl02-ZnO-Al203-SrO based glass, and the like. 
[0049] in the multilayer chip varistor 100, it is 

preferred that the glass layers 4 be formed to cover the 
edges of the varistor body lln a percentage described below . 
20 In this specification, the percentage that the glass layer 

4 covers an end face of the varistor body 1 is referred to 
as "coverage", and the coverage is defined as described be low. 
Specifically, in a cross section taken along a line passing 
through the center of the outer terminal 3 (terminal 
25 electrode 3a) in a width direction (cross section taken along 

the straight line L in Fig. 2 ) in the multilayer chip varistor 



15 



FP03-0301- 

« V- /»^ 1 c! defined as a value calculated 
100, the coverage r (%) is aeiineu ao » 

by the following equation (1), 

r (%) = (L2/L1) XlOO —(1) 

where LI is the entire length of an area (end face) of the 
varistor body 1, covered by the terminal electrode 3a, and 
1.2 is a length of an area (end face) of the varistor body 
1 in which the glass layer 4 is formed. 

[00501 in this specification, -a width direction of 

the outer terminal 3 (terminal electrode 3a) " is defined 
as a direction of outer terminal 3 (terminal electrode 3a) 
perpendicular to the stac)cing direction of the varistor body 
1. 

[0051] in the multilayer chip varistor 100, the 

coverage of the glass layer 4 is preferably 10% or more, 
and the coverage of 40% or more is further preferred. If 
the coverage is 40% or more, the degradation of the 
characteristics of the multilayer chip varistor after 
plating can be reduced to a level at which there are almost 
no influences on practical use of the multilayer chip 
varistor . 

[00521 If the glass layers 4 are formed by the glass 

material melting from the conductive paste when forming the 
terminal electrodes 3a, a coverage of not less than 80% of 
the glass layer 4 may induce an improper amount of melting 
glass frit coming out of the boundary face of the terminal 
electrode 3a on the opposite side of the varistor body 1 . 
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Therefore, from this viewpoint, it isparticularlypref erred 
that the coverage be between 40 and 80%. 
[0053] Further, it is preferred that each of the glass 

layer 4 have a thickness of 0.1 /xm or larger, and a thickness 
of 0.4 to 1.5 Mm is more preferred, and a thickness of 0.4 
to 0.8 tim is further preferred. Note that, in this 
specification, the thickness of the glass layer 4 is defined 
as an average value of those obtained by olaserving a cross 
section cut along the line L in Fig. 2 and measuring five 
points of the thickness of the glass layer 4. 
[0054] When the thickness of the glass layer 4 is 0.1 

/i mor larger, entry of the plating solution into the varistor 
body 1 can be suppressed more efficiently. On the other 
hand, when the thickness of the glass layer 4 is more than 
l.Siim, it may be difficult to form the plated layers 3b 
and 3c on the surface of the terminal electrode 3a. 
[0055] Dimensions of the multilayer chip varistor 100 

having the foregoing construction may be changed as 
appropriate, depending on uses. However, in general, a 
length thereof (in a right-left direction in Fig. 2) is 0.6 
to 5.6 mm, a width thereof (in a right-left direction in 
Fig . 1) is0.3to0.6 mm, and a thickness thereof ( in a up-down 
direction in Fig. 1) is 0.3 to 1.9 ram. Alternatively, the 
multilayer chip varistor may have a construction of a 
multilayer chip varistor array in which a plurality of outer 
terminals 3 is arrayed perpendicularly on the same face of 
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the board or the like. 

10056] Next, with reference to Figs. 3 and A, 

description will be provided regarding an example of a 
construction in a vicinity of a joint between the varistor 
body 1 and the terminal electrode 3a in the multilayer chip 
varistor 100 having the foregoing construction. Fig. 3 is 
a schematic cross sectional view showing an enlarged vicinity 
of the joint between the varistor body 1 and the terminal 
electrode 3a in the multilayer chip varistor in which the 
coverage of the glass layer 4 is 5%. Fig. 4 is a schematic 
cross sectional view showing an enlarged vicinity of the 
joint between the varistor body 1 and the terminal electrode 
3a in the multilayer chip varistor in which the coverage 
of the glass layer 4 is 100%. Note that the multilayer chip 
varistors shown in Figs. 3 and 4 and the multilayer chip 
varistor 100 mentioned earlier are different in that those 
in Figs. 3 and 4 have a plurality of inner electrodes 2a 
or a plurality of inner electrodes 2b. 

[0057] First of all/ in the multilayer chip varistor 

in Fig, 3, the glass layer 4 is formed by melting glass frit 
4a between the varistor body 1 and the terminal electrode 
3a. Further, one end of each inner electrode 2a is exposed 
out from the edge of the varistor body 1 . Here, the coverage 
of the glass layer 4 is 5% . Since the glass layer 4 is formed 
on the edge of the varistor body 1 in this way, the glass 
layer 4 prevents the plating solution from entering inside 
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the varistor body 1 even though the platiixg solution 
penetrates though the terminal electrode 3a while plating. 
[0058] in the multilayer chip varistor shown in Fig. 

4, the glass layer 4 is formed by the melting grass frit 
4a between the varistor body 1 and terminal electrode 3a 
to have the coverage of 100%. In addition, one end of each 
inner electrode 2a is protruding into the terminal electrode 
3a, and the root portions of the protruding inner electrodes 
2a are covered by glass layer 4b. 

[0059] in this way, in the multilayer chip varistor 

in which the coverage of the glass layer 4 is 100%, the inner 
electrodes 2a are protruding into the terminal electrode 
3a, and thus both electrodes join extremely well. in 
addition, since peripheral areas of the root portions of 
the protruding inner electrodes 2a are covered with the glass 
layer 4b, entry of the plating solution from the joint between 
the terminal electrodes 3a and each of the inner electrodes 
2a can be efficiently prevented. As a result, this 
multilayer chip varistor is significantly excellent in the 
effect of preventing entry of the plating solution. 
[0060] Next, an example of each area shown in Figs. 

3 and 4 will be specifically described with reference to 
photographs shown in Figs. 5A and 5B taken by a scanning 
electron microscope- Fig. 5A is a photograpH taken by a 
scanning electronmicros cope, showing a vicinity of the j oint 
between the varistor body 1 and the terminal electrode 3a 
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in the multilayer chip varistor in which the coverage of 
the glass layer is 5%. Fig. 5B is a photograph taken by 
a scanning electron microscope, showing a vicinity of the 
joint between the varistor body 1 and the terminal electrode 
3a in the multilayer chip varistor in which the coverage 
of the glass layer is 80%. 

100613 AS shown in Fig. 5A, in the multilayer chip 

varistor in which the coverage of the glass layer is 5%, 
the glass layer 4 i-s-formed by melting glass frit 4a in a 
boundary of the varistor body 1 and the terminal electrode 
3a, covering a part of the varistor body 1. Further, in 
Fig. 5A, one end of the inner electrodes 2a exposed out from 
the end face of the varistor body 1 are recognizable. 
[00621 In the multilayer chip varistor shown in Fig. 

SB, the glass layer 4 formed by the melting glass frit 4a 
covers a major portion of the varistor body 1. The glass 
layer 4 in this case is formed to have a larger thickness 
than that shown in Fig . 5A. In addition, it can be recognized 
that the inner electrodes 2a are protruding into the terminal 
electrode 3a, and further, the root portions of terminal 
electrodes 2a are covered with the glass layer 4b. 
[0063] Next, a manufacturing method of the multilayer 

chip varistor 100 having the foregoing construction will 
be described. First of all, a green chip, which is the 
varistor body 1 before sintering, is formed in a print method, 
a sheet method or the like- 
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£0064] When making a green chip in the former method, 

which is the print method, paste for forming a varistor layer 
and conductive paste for forming inner electrode are prepared . 
The paste for a varistor layer may be organic paste obtained 
by con5>ounding a varistor material and an organic vehicle, 
and water-based paste obtained by compounding the varistor 
material and water-based solvent. 

(00651 For the varistor material^ a material which 

exhibits the varistor characteristics after baking can be 
selected and used, and Zn oxide such as ZnO, and Zn compound 
which forms Zn oxide by baking are preferred . The Zn compoiand 
which forms Zn oxide by baking is, for example, carbonate, 
nitrate, oxalate, organometallic compounds and the like of 
Zn . The zn oxide and Zn conqpoundmay be combined as appropriate 
for use. 

[ 0066] In addition to the above-mentioned Zn oxide and 

Zn compound, a subcomponent such as rare-earth elements, 
praseodymium (Pr) for example, and Bi, trace additive such 
as Al and the like may be added to the varistor material. 
It is preferred that the varistor material having the 
aforementioned composition have ameanparticle size of about 

0.3 to 2/im. 

[0067] The organic vehicle to be compounded with the 

organic paste is exemplified by a vehicle obtained by 
dissolving binder in an organic solvent. For this binder, 
the one generally used for manufacturing the organic vehicle 
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can be selected as appropriate and used, and ethyl cellulose, 
polyvinyl butyral and the like may be used. The organic 
solvent is exemplified by terpineol, butyl carbitol, acetone, 
toluene and the like. 

100681 Further, the water-based solvent used for the 

water-based paste may be exemplified by one obtained by 
dispersing water soluble binder or the like in water. For 
the water soluble binder, polyvinyl alcohol, cellulose, 
water soluble acrylic resin, emulsion and the like can be 
selected as appropriate and used. 

(0069] The cpnductive paste for the inner electrodes 

includes onepreparedby kneading the aforementioned organic 
vehicle and a conductive material for making the inner 
electrodes or one, which will be the conductive material 
after baking, _such as oxide, organometallic compound, and 
resinate . It is preferred that the conductive material for 
making the inner electrodes be the metal simple substance 
of Pd or Pt, an Ag-Pd alloy, or an Ag-Pt alloy. 
10070] In a case of using the organic vehicle in 

preparing the foregoing paste, the content of the binder 
is preferably 1 to 5 wt% with respect to the entire weight 
of the organic vehicle. It is also preferred that the content 
of the organic solvent be 10 to 50 wt% with respect to the 
entire weight of the organic vehicle. Note that various 
dispersers, plasticizers, dielectrics, insulators and the 
like may be added into this paste. Incidentally, in the 
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present invention, Mparts by mass" is substantially equal 
to a weight-based value (^^parts by weight") (same below) . 
[00711 In manufacturing the green chip in the print 

method, the paste for the varistor layer and the conductive 
paste for the inner electrodes are prepared as mentioned 
earlier, and thereafter, the paste for the varistor layer 
is applied plurality of times onto a board of polyethylene 
phthalate or the like to have a predetermined thickness, 
thus forming the varistor layer Ic in a green state. Next, 
on the varistor layer Ic in the green state, the conductive 
paste for the inner electrodes is applied to have a 
predetermined pattern, thus forming the inner electrode 2b 
in the green state. 

[00721 subsequently, on the inner electrode 2b in the 

green state, the paste for the varistor layer, the conductive 
paste for the inner electrodes, and the paste for the varistor 
layer are sequentially applied so that the varistor layer 
lb, the inner electrode 2a and the varistor layer la are 
formed, and thereby a stack is obtained. Thereafter, the 
stack thus obtained is pressurized while being heated so 
that the layers are attached to each other by pressure, and 
then cut into a predetermined shape. Thus, the green chip 
is obtained. It is preferred that the conductive paste for 
the inner electrodes be applied to have such pattern that 
25 one ends of the inner electrodes 2a and 2b are respectively 

exposed out from the opposing end faces of the varistor body 



IS 



20 



23 



FP03-0301 



1 on different sides. 

[0073] Meanwhile, in a case of manufacturing tlie green 

chip in the latter method, which is the sheet method, first 
of all, the aforementioned paste for the varistor layer is 
formed to have a sheet shape, and a predetermined number 
of these sheets are layered to have a desired thickness, 
thus forming a green sheet for forming the varistor layer. 
Next, the aforementioned conductive paste for the inner 
electrodes is printed to have a predetermined pattern on 
the green sheet, thereby forming a sheet having the varistor 
layer and inner electrode in the green state. 
[0074] TWO of these sheets are prepared- Thereafter, 

these sheets are arranged so that the inner electrodes face 
to each other, and also are put together so as to sandwich 
the another green sheet for forming the varistor layer 
therebetween. Thus, a stack is obtained. Subsequently, the 
stack is pressurized while being heated so that the layers 
are attached to each other by px-ocouro and tlvon cut into 
a predetermined shape. Thus, a green chip is obtained. 
[0075] In manufacturing the multilayer chip varistor 

100, the green chip is formed in the foregoing print method 
or the sheet method, and thereafter, the green chip is 
sub j ected to a debinding . The debinding can be carried out, 
for exaii«>le, by raising temperature at a rate of about 5 
to 300 degrees ceiitigrade/hour in an atmosphere of air, and 
then holding a ten«>eraturG at about 180 to 400 degrees 
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centigrade for 0.5 to 24 hours. 

[0076] subsequently, the debinded green chip is baked/ 

and thus the varistor body 1 is obtained. The baking of 
the green chip can be carried out, for example, by raising 
temperature at a rate of about 50 to 500 degrees 
centigrade/hour in an atmosphere of air, holding a 
temperature at 1000 to 1400 degrees centigrade for about 
0.5 to 8 hours, and thereafter cooling down at a rate of 
about 50 to 500 degrees centigrade/hour. 
[0077] If the temperature that is held while baking 

is lower than 1000 degrees centigrade, it is unlikely that 
the inner electrodes 2a and 2b and the varistor layers la, 
lb and ic are formed sufficiently densely. On the other 
hand, if the temperature is more than 1400 degrees centigrade, 
it is likely that the inner electrodes 2a and 2b are sintered 
excessively and become fragile. 

[0078] After the end faces (ends) of the varistor body 

1 thus obtained are polished in a barrel or by sandblast, 
the conductive paste for terminal electrodes is printed or 
transferred onto the end faces, and then baked by further 
heating to form the terminal electrodes 3a. If the 
conductive paste for the terminal electrode contains glass 
frit, it is preferred that the temperature of baking 
(heating) the conductive paste be at least 70 degrees 
centigrade higher than the softening point of the glass frit . 
It is also preferred that a ten«)erature of baking a 
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generally-used conductive paste be 700 degrees centigrade 
or higher. 

[0079] For the conductive paste for terminal electrodes, 

it is possible to use paste that is prepared similarly to 
the conductive paste for the inner electrodes, except that 
a conductive material for the terminal electrodes is 
compounded. For the conductive material for the terminal 
electrode used herein, a simple substance of Ag, an Ag-Pd 
alloy and the like are preferred. From the viewpoints of 
an iii«>rovement in adhesion of the terminal electrodes 3a 
to the varistor body 1 and easy formation of the glass layer 
4, it is preferred that the conductive paste for the terminal 
electrodes contain a glass material such as glass frit . In 
the case where the glass frit is contained in the conductive 
material for the terminal electrodes, it is preferred that 
the content of the glass frit be 2 to 15 wt% with respect 
to the entire mass of the conductive material (metal) and 
the glass frit. 

[0080] If the glass frit is contained in the conductive 

paste for the terminal electrodes, the glass frit melts from 
the electrode material under a high teii«)erature condition 
while baking. The glass frit melting from the electrode 
material is adhered to the end faces of the varistor body 
1, thus forming the glass layer 4 between the varistor body 
25 1 and the terminal electrodes 3a. 

[00811 In manufacturing the multilayer chip varistor 
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100, the glass layer 4 is not necessarily formed by the glass 
frit melting from the conductive paste and may be formed 
in separate steps of, for example, applying the glass 
material on the end faces of the varistor body 1 and then 
baking the glass material - 

[0082] After the glass layers 4 and the terminal 

electrodes 3a are formed in the above manner, the plated 
layers 3b made of Ni are formed on the terminal electrodes 
3a, respectively. The plated layers 3c made of solder, Sn 
or the like are further formed on the plated layer 3b . Thus , 
the multilayer chip varistor 100 is obtained. A preferred 
plating method for these plated layers is electroplating. 
[t)083] in the multilayer chip varistor 100 manufactured 

in the foregoing manner, one ends of the inner electrodes 
15 2a and 2b are protruding into the terminal electrodes 3a, 

and at least root portions of these protruding inner 
electrode 2a and 2b are covered with glass layer 4. It is 
considered that this kind of shape in the multilayer chip 
varistor 100 is formed as follows. 
20 [0084] Specif ically, in the preferred case, the inner 

electrodes 2a and 2b and the terminal electrodes 3a in the 
multilayer chip varistor 100 respectively contain different 
kinds of metals such as Ag, Pd and Pt, each having a crystal 
structure of face-centered cubic lattice. If the inner 
25 electrodes 2a and 2b and the terminal electrodes 3a contain 

these kinds of metals, the metals are diffused through 
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contact interface at a high temperature while baking . This 
is so-called Kirkendall effect. 

[0085] Once Kirkendall effect occurs, metal contained 

in the inner electrodes 2a and 2b is diffused into the terminal 
electrodes 3a and metal contained in the terminal electrodes 
3a is diffused into the inner electrodes 2a and 2b. Due 
to this diffusion, one ends of the inner electrodes 2a and 
2b protrudes into the terminal electrodes 3a. 
[0086] T^cordingly, due to the diffusion of the 

aforementioned metals, the joint between the inner 
electrodes 2a and 2b and the terminal electrodes 3a and 
vicinities thereof become dense. At the same time, the 
peripheral areas of protruding portions of the inner 
electrodes 2a and 2b are covered with the glass layers 4. 
Consequently, joint performance of the inner electrodes 2a 
and 2b and the terminal electrodes 3a is improved, and 
penetration of the varistor body 1 by the plating solution 
is further reduced during the plating process. 
[0087] Moreover, voids -are formed between the inner 

electrodes 2a and 2b and the varistor layers la, lb and Ic 
as atoms diffuse. Once Kirkendall effect occurs, these 
voids are filled with glass which melted when baking the 
terminal electrodes 3a. This tends tomake it more difficult 
for the plating solution to enter inside the varistor body 
1. 

[Exan^le] 
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<Manufacturing of Multilayer Chip Vari8tor> 

First of all, B^Oa-ZnO-Al^Os-SrO based glass was used 
as the glass frit, Ag was used as conductive powder (metal) , 
ethyl cellulose and terpineol were used for the organic 
vehicle. The above laaterials were mixed and then kneaded, 
so as to yield the conductive paste for forming the terminal 
electrodes was obtained. At this time, a compounding ratio 
of the glass frit was set to 1 to 16 wt% with respect to 
the total weight of the glass frit and Ag powder. Further, 
amounts of ethyl cellulose and terpineol added into the paste 
was set to 15 parts by weight and 10 parts by weight, 
respectively, based on 100 parts by weight of total weight 
of Ag powder and the glass frit . Thus, the conipoundlng ratio 
of the glass frit was set to 1 wt% or larger . This is because 
the compounding ratio smaller than 1 wt% might cause 
insufficient adhesive for ce between the terminal electrodes 
and the varistor body after baking. 

[0088] Next, the varistor body was formed. The varistor 

body included the varistor layers whose principal component 
was ZnO and the inner electrodes which was made of Pd. The 
aforementioned conductive paste was applied onto the ends 
of the varistor body thus obtained, and then dried. 
Thereafter, the paste was baked under a condition of 700 
degrees centigrade for 10 minutes in an atmosphere so as 
to yield terminal electrodes . The terminal electrodes ware 
formed to have a thickness of 3 ^m, 5 yxm and 50 /tm. The 
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baking temperature (700 degrees centigrade) here is about 
20 degrees centigrade higher than the general temperature 
of backing the terminal electrodes containing the glass frit . 
In addition, the thickness of the terminal electrode is an 
average value of the maximum thickness values of the 
respective terminal electrodes formed on both end faces of 
the varistor body. 

[0089] Next, a Ni plated layer and a Sn plated layer 

were sequentially formed on the terminal electrodes by 
plating process, and thereby the multilayer chip varistor 
having a configuration shovm in Fig. 1 was obtained. The 
average thickness of the Ni plated layer was set to 2 m 
m, and that of the Sn plated layer was set to S/xm. These 
values were obtained by calculating the average value of 
those measured at five points of the thickness using a 
photograph taken by a scanning electron microscope at 2000 
times magnification. 
<Evaluation of Characteristics> 

[0090] Used were the multilayer chip varistors, formed 

by above mentioned manner, each having different compound 
ratios of the glass frit in the conductive paste and different 
thickness of terminal electrode. In each of these 
multilayer chip varistors, thickness of the glass layer, 
coverage of the glass layer, a rate of change of a varistor 
voltage after plating, and characteristics degradation rate 
after ref low soldering were measured. Table 1 collectively 
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shows results of the compound ratio of grass frit, the 
thickness of the terminal electrode, and other measurements 
mentioned above in each of the multilayer chip varistors. 
(Measurement of thickness and coverage of the glass layer) 
10091] The thickness of. the glass layer was obtained 

in the following manner. First of all, a cross section of 
an outer terminal (terminal electrode) of the multilayer 
chip varistor, taken along a line passing through the center 
thereof in a width direction (a cross section along the line 
L in Fig . 2 ) was observedby the scanning electron microscope . 
Thereafter, the thickness of the glass layer formed on one 
end face of the varistor body was measured at five points 
using a photograph taken by the scanning electron microscope 
at 2000 times magnification. The average value of those 
obtained from the measurement was calculated, and thus the 
thickness of the glass layer was obtained. 
[0092] The coverage r (%) of the glass layerwas obtained 

in the following manner. Lengths LI and L2 were measured 
using a photograph of a cross section as described above, 
taken by the scanning electron microscope . LI is the entire 
length of an area (end face) of the varistor body, -covered 
by the terminal electrode, and L2 is a length of an area 
(end face) of the varistor body in which the glass layer 
is formed. Thereafter, the coverage r(%) is calculated using 
the following equation (1) based oh the values of LI and 
L2 thus obtained. 
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r(%) = {L2/L1) XlOO — <1) 

(Measurement of a rate of change of the varistor voltage) 
[0093] In each of the multilayer chip varistors, 

varistor voltages before and after forming the Ni plated 
layer and the Sn plated layer were measured. The varistor 
voltage is a voltage between outer terminals when current 
of 1 mA is flown therebetween in the multilayer chip varistor . 
Based on the obtained values of the varistor voltages, a 
rate of change of the varistor voltages was calculated, 
specifically, twenty samples for each type of multilayer 
chip varistor were made . Next the varistor voltages of each 
sample before forming the Ni plated layer and the Sn plated 
layer were measured, and thereafter each sample was plated 
and the varistor voltage of the same after plating was 
measured. The rate of change AVm (%) was calculated by 
dividing a difference between V2 and VI by VI, as shown in 
the following equation (2) : 
AVm{%) = {(V2-V1> / VI} X 100 ...(2) 

where VI is an average value of the varistor voltages obtained 
from each of the samples before plating and V2 is an average 
value of the varistor voltages obtained after plating. 
(Measurement of characteristics degradation after reflow 
soldering) 

[0094] Measured were the varistor voltages before and 

after reflow soldering of each multilayer chip varistor in 
which the Ni and Sn plated layers were formed. Based on 
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the obtained valued of the varistor voltages, the 
characteristics degradation after reflow soldering was 
calculated. Specifically, twenty samples for each type of 
multilayer chip varistor having Ni and Sn plated layers were 

5 made. Next, the varistor voltage V3 of each sample before 

reflow soldering is measured, and thereafter, each sample 
was mounted on a board by reflow soldering and the varistor 
voltage V4 of each sample after reflow soldering was measured. 
By using the values of V3 and V4 and following the equation 
10 (3) below, the rate of change A Vr (% ) of the varistor voltage 

obtained from each sample was calculated. Thereafter, the 
sample with the rate of change of 10% or larger in the varistor 
voltage was regarded defective, and the number of samples 
regarded defective was counted out of twenty samples for 

15 each type of multilayer chip varistor. In this way, the 

characteristics degradation after reflow soldering was 
measured. 

AVr(%) = {(V4-V3) / V3} X 100 —(3) 
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[0095] As shown in Table 1/ in the samples of the 

multilayer chip varistor No. 1, in which the content of the 
glass frit in the conductive paste is 1 wt% and the thickness 
of the terminal electrode is 50 tim, the coverage of the glass 
layer was 5 % . In this multilayer chip varistor, the average 
rate of change of the varistor voltage was -12% and the number 
of defective samples was two put of twenty. In addition, 
it was difficult to measure the thickness of the glass layer 
in these samples. 

[0096] In the samples of the multilayer chip varistor 

No. 2^ in which the content of the glass frit was 1.5 wt% 
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and the thickness of the terminal electrode was 50 sim, the 
thickness of the glass layer was 0.1 /zm and the coverage 
thereof was 8%. As a result, the average rate of change 
of the varistor voltage became -8%, and the number of 
defective samples was one out of twenty. 
[0097] In the san^les of multilayer chip varistor No. 

3, in which the content of the glass frit was 2 wt% and the 
thickness of the terminal electrode was 50 Atm, the thickness 
of the glass layer was 0.1 Mm and the coverage thereof was 
10%. In this multilayer chip varistor, the average rate 
of change of the varistor voltage became -5%, and the number 
of defective samples was zero out of twenty. 
[0098] In the samples of multilayer chip varistors No. 

4 to No. e, in which the content of the glass frit was increased 
from 5 to 15 wt% and the thickness of the terminal electrode 
was 50 iim, the thickness of the glass layer was 0.4 iim or 
larger and the coverage thereof was 40% or larger in all 
of the multilayer chip varistors. As a result, the average 
rate of change of the varistor voltage was from -2% to -0 . 5%, 
and the number of defective samples was zero out of twenty. 
In the samples of the multilayer chip varistor No. 7 in which 
the content of the glass frit was 16 wt%, it was difficult 
to form the plating layers on the terminal electrode. 
[0099] From the foregoing, it became evident that, in 

the multilayer chip varistors, each having the glass layer 
formed between the varistor body and the terminal electrode. 
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a reduction in varistor voltage was small even when the plated 
layers were formed on the terminal electrode by plating. 
It also became evident that the varistor characteristics 
are sufficiently maintained in these multilayer chip 
varistors having plated layers even when these varistors 
were mounted on the board by reflow soldering. 
[0100] Further, from the foregoing results, it became 

evident that relatively preferable results were obtained 
when the content of the glass frit was between 2 and 15 wt%, 
the thickness of the glass layer was between 0.1 and 1.5 
Mta, and the coverage thereof was between 10 to 100%. In 
addition, it became evident that degradation of the varistor 
characteristics due to plating could be prevented most 
remarkably when the content of the glass frit was between 
5 and 10%, the thickness of the glass layer was between 0.4 
and 0.9 um, and the coverage thereof was between 40 and 
80%. 

[01011 As set forth in the foregoing, according to the 

present invention, the glass layer 4 is formed between the 
varistor body 1 and the terminal electrodes 3a. Thus, it 
becomes possible to provide the multilayer chip varistor 
100 in which degradation of the varistor characteristics 
due to entry of the plating solution into the varistor body 
1 is extremely small, even though the plating solution 
penetrates through the terminal electrode 3a while plating. 
[0102] Additionally, the glass layer 4 is formed by 
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the glass frit which melts from the electrode material while 
forming the terminal electrode 3a. Thus, it is not required 
to carry out a separate step for forming the glass layer 
4, thereby making it easier to manufacture the multilayer 
chip varistor that is excellent in resistance to the plating 
solution. 

[0103) Further, since the multilayer chip varistor 100 

has the aforementioned characteristics, degradation of the 
varistor characteristics due to heat history owing to ref low 
soldering is small even though the multilayer chip varistor 
100 is mounted on the board by ref low soldering. Therefore, 
the multilayer chip varistor lOO is highly-reliable. 
[0104] The basic Japanese Application No- 2002-365269 

filed on December 17, 2002 is hereby incorporated by 
reference. 
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